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INTRODUCTION
Polarographic half-wave potentials of cations in nonaqueous solvents have been extensively reported in literature. Unfortunately there was no consistency in the use of reference electrodes versus which such data were measured. Quite often half-wave potentials were given versus aqueous reference electrodes, such as the calomel electrode, the silver/silver chloride electrode or the standard hydrogen electrode. Any measurement of half-wave potentials or any other electrode potentials, where the reference electrode is in a solvent different from the solvent in which the redox system is investigated, however, includes an unknown liquid junction potential. The liquid junction potential is associated with irreversible processes and is not a thermodynamic quantity. It cannot be determined exactly, it depends on the design of the junction and it may change during the time of the experiment. Values for half-wave potentials, which include a liquid junction potential do not allow a meaningful compilation of such data.
Reference electrodes in the same solvent avoid -in cells without transference -the problems connected with the liquid junction potentials.
The use of a multitude of such nonaqueous reference electrodes, however, yields only isolated data points, which prevent any comparision of electrode potentials even in the same solvent. In order to avoid the problems connected with liquid junction potentials on one hand, and with a variety of different nonaqueous reference electrodes on the other, it has been recommended that electrode potentials in nonaqueous solvents be reported versus either ferrocenium ion/ferrocene (bis(cyclopentadieny1)-iron(III)/(II)) or bis(biphenyl)chromium(I)/(O) as reference redox systems (ref. 1) . The use of these two reference redox systems, for which the difference in electrode potentials is available for a large number of solvents, allows the establishment of one redox scale for all electrode potentials in a given nonaqueous solvent. Procedures for employing reference redox systems for in situ measurements were outlined in ref. 1 and need not be repeated here. Such in situ measurements yield electrode potentials, which are free of liquid junction potentials and are affected only by the experimental error. The data are also free of any extrathermodynamic assumptions.
Bis(biphenyl)chromium(I)/(O) was preferred in this compilation over ferrocenium ion/ferrocene, since the reduction of bis(biphenyl)chromium(I) can be observed even in solvents where the oxidation of ferrocene occurs at potentials more positive than the oxidation of the solvent itself. Thus employing ferrocene would exclude the half-wave potentials in solvents such as N,N_-dimethylthioformamide, N-methyl-2-thiopyrrolidinone (N-methyl-2-pyrrolidinethione), hexamethylthiophosphoric triamide or tetrahydrothiophene. Besides the data summarized in Tables 1-7 , a certain number of published half-wave potentials in nonaqueous solvents remain for which a reliable, subsequent conversion to the bis(bipheny1)chromium scale was not possible. A comprehensive summary of electrochemical data in aqueous and nonaqueous solutions can be found in the CRC Handbook in Inorganic Electrochemistry (Note a), where half-wave potentials are listed with respect to the reference electrodes used by the original authors. It is hoped that this compilation of half-wave potentials of cations in nonaqueous solvents versus one reference redox system will encourage researchers active in the fields of electrochemistry of organometallic complexes and of organic compounds in nonaqueous solvents to report their data versus one or the other of these two reference redox systems and thus contribute to future compilations of potential data on a single redox scale.
RULES FOR ARRANGING SOLVENTS, POLAROGRAPHIC DATA AND REFERENCES
The solvents given in the tables were arranged in the following way: i) Solvents containing only carbon, hydrogen and oxygen atoms are listed according to functional groups in the order of: alcohols; ketones; ethers; esters and lactones. Within such a group, solvents are arranged according to the number of carbon atoms. ii! Solvents containing nitrogen in addition to carbon, hydrogen and sometimes oxygen are ordered as follows: amides; lactams and ureas; nitriles; nitro compounds; pyridine. iii) Solvents containing halogens, sulfur or phosphorus are given in this order. Solvents with more than one of the last mentioned heteroatoms are listed according to the heteroatom that appears first in this sequence e.g. hexamethylthiophosphoric triamide is listed under sulfur compounds.
The polarographic data and the references are given in the following manner: i) For each cation and solvent there are three, occasionally four, entries. From top to bottom these entries give the half-wave potential in the first line, the difference in one-quarter-wave and three-quarter-wave potentials in the second line and the literature references in the third and if necessary in the fourth line. The first reference in line 3 pertains to the paper from which the value for the half-wave potential was taken. Footnotes also refer to this paper unless stated otherwise. ii) Half-wave potentials given to three digits after the decimal point were derived from experiments in which bis(biphenyl)chromium(I) was employed -situ as an internal standard as recommended in ref. 1 . Half-wave potentials given to only two digits after the decimal point were obtained from data Note a: L. Meites, P. Zuman and A. Narayanan, Handbook in Inorganic Electrochemistry, CRC Press Inc., Boca Raton, Florida, U.S.A. (1978) originally reported versus an aqueous reference electrode. Conversion of such data to the bis(bipheny1)chromium scale was possible, whenever the authors had included the half-wave potentials of bis(biphenyl)chromiu(I) versus the aqueous reference electrode employed in their experimental arrangement. In the absence of such data for bis(biphenyl)chromium(I)/(O), half-wave potentials of one or more cations, for which half-wave potentials were given in the respective paper, were measured versus bis(biphenyl)chromium(I)/(O) in our laboratory. Such data allowed conversion of the half-wave potentials of all other cations originally reported versus an aqueous reference electrode to the bis(bipheny1)chromium scale. Half-wave potentials reported versus ferrocene were converted using the difference in half-wave potentials between ferrocene and bis(bipheny1)chromium. In all of these conversions it was assumed that the liquid junction potential remained constant in the particular electrochemical cell employed by the respective authors. iii) For cations, where more than one reduction wave was reported, the most positive one is included in the table, the other half-wave potentials are referred to in footnotes. The differences in one-quarter-wave and threequarter-wave potentials are given in parenthesis in the footnotes. iv) The data for the reduction of the lanthanide cations were obtained during the very early days of polarography in nonaqueous solvents. Conversion to the bis(bipheny1)chromium scale was made by remeasuring the half-wave potentials for the reductions of Eu3+ and Eu2+ for the solvents listed in the tables.
The data given in Tables 5 -7 , however, may be uncertain by ? 0.05 V and are thus given in parenthesis. The references, except ref. 1, are given in alphabetical order according the first author. Papers with the same first author are arranged with respect to the year of publication. Only references, which contain original data were included; review articles and papers quoting previously published data were omitted.
COMPILATION OF HALF-WAVE POTENTIALS
Half-wave potentials, the difference in one-quarter-and three-quarter-wave potentials and literature references for the above mentioned cations are summarized in Tables 1-7 . The compilation of data is restricted to half-wave potentials and gives an indication of the reversibility of the electrode reactions.
The difference in one-quarter-and three-quarter-wave potentials serves only as a first indication of the reversibility or irreversibility of the electrode reaction. For more detailed information on the electrochemical behaviour, on the concentrations of the electroactive species, on the purification procedures, on the purity of the solvents and on the water content, the original literature should be consulted. Occasionally, rather complex electrode processes were reported or the respective salts were found insoluble in a particular solvent. In order to avoid misleading information only literature references are given for such cases. Included in Table 2 are the potentials of the silver/O.Ol mol dm-3 silver(1) ion and the mercury/O.Ol mol dm-3 mercury(I1) ion electrodes in the respective supporting electrolytes and solvents. The silver/silver ion electrodes are stable in many nonaqueous solvents and may serve as reference electrodes for potentiometric studies. Table 8 contains the approximate ranges in which polarography on the dropping mercury electrode, and cyclic voltammetry on the stationary platinum electrode, can be carried out in supporting electrolytes of tetrabutylammonium perchlorate. These ranges are only guides, since in many solvents there is a gradual increase of the current at either the positive or the negative end of the potential window. Thus setting the limits is somewhat arbitrary for many solvents. Included in this table are the specific conductivities of 0.1 mol dm-3 solutions of tetrabutylammonium perchlorate in several nonaqueous solvents. ( first line), (E,,,-E,,,) 
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